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frost. A t  the  close of the month corn was mostly in shock, and buck- failed to ripen and was cut for fodder. Apples were plentiiul and of ex- 
wheat was mostly harvested, with fair yields of both. Late corn dried cellent quality.- W. M. Wi'ilson. 
up, and was mostly cut for fodder. Pastures were very short and water Wgomtg.-The month was favorable for the completion of haying and 
scarce, but stock were in fair condition. Winter apples were being picked harvesting wThere that work was not completed during August. A good 
with prospect6 of about n half crop.-E. C. Voose. crop of grain was secured where the frosts of summer had not damaged 

Wisconstn.-A general frost occurred a t  most points in the interior on tho grain. Good range feed was general throughout the State, and stock 
the 15th, 21st, and P2d. Pasturage was excellent for the season through- were in excellent condition. The absence of any suow during the month 
out the month, and fall seeding of winter wheat and rye ohtained an ex- over the greater portion of the State was very unusual for September.- 
cellent start. The rains iuterfered to some extent with the digging of W. 8. Palnier. 
potatoes, but a large crop was secured without damage. Much corn 

SPECIAL ARTICLES. 
A NEW THEORY OF FOG FORMATION.' 

Trauslated hy FRANK w. PFON-TOR. 

[Iuterlwlatiou. b y  the trm4ator are IU bmcketz.] 

Of all the theories concerning the formation of fog, but  two 
have been accepted u p  to recent times, one of which is now 
universally held. But  it will appear that  both are not in 
harmony with our  observations [Aeronautical Observatory, 
Royal Meteorological Institute of Prussia], and with the latest 
physical investigations; and accordingly me must seek a new 
esplanation. * * * * I: * * 

The Davy-Dines theory [that condensation is clue to the 
cooling of the earth's surface ani1 its herbage by radiation] 
has been authoritative up to the present time, itncl is found in 
Hann's Lehrbuch der Meteorologie. * * * 4: .I: -I: * 
I u  order to show that this explanation does not satisfy the 
facts, esact moisture measurements in tlie neigli1)orhood of 
the earth's surface are necessary. These were made in l W 3  
by Honi6n2; and it was shown by him that  fog can not arise 
simply through the radiation of the ground. I n  view of the 
great importance of those investigations to the present study, 
let us look into the matter more closely. Hom6n observed 
that the dew-point fell a t  the earth's surface ancl in the lower 
air layers when dew began tu form. It follows that as soon 
as the air a t  the earth's surface has cvolecl below tlie clew- 
point, tlie water vapor condenses out of the stratum imine- 
diately above the earth's surface on the cold underlying 
surface. Thereupon the I T L ~ J O ~  pressure diminishes consider- 
ably in the lowermost layer, and the vapor from tlie h y e r s  
above conies to  tlie earth's surface by diffusion, where it, also, 
is condensed. Thus there occurs a continuous progression 
of the wat,er vapor from above down\vard. 

Horn& iuaintained that the downward diffusion a t  the bot- 
tom went, on faster than the incoming of moisture from abore, 
so that in spite of steady decrease of temperature, saturation 
could not oocur. 

ani1 Rubenson ' had before 
yielded a similar result. Hamberg found. for example, that  a t  
the beginning of the night, a t  six and six-tenths meters heiglit 
above the earth's surface, the relative humidity rose froin 70 
to 90 per cent, and toward the end of tlie night from 05 to 98 
per cent. From these obserrations H o m b  clren. the above- 
mentionecl conclusion. Neverbheless it would lw conceivable 
that in cases where the drying goes on more slowly than the 
cooling, light fog might form. 

On the answer to this last question, viz, whether tlie dry- 
ing can proceed more slowly than the cooliiig, the decision in 
regard to the hitherto pera i l ing  fog theory clepencls. Homin 
could have answered this through observation by means of 
his dew-point measureliients of August 19-13 and September 

The observations of Hamberg 

~~ 

1 Extract f r o m  Pie E I I ~ ~ I I I I I ~  una1 Alflii>ling clr5 Nrbrls von Hrrmann 
Elias. Berlin, 1904. Reprinted -from Ergelinihqe iler drbeiten ain Bero- 
nautischen Obserratoriun~. 1 Olitnliel, lWIl, his 31 I)ezen~her, 11WV2. 

1 Honi6n. 
3 Haniberg. 

Bodenlill3.sikalisclle und nieteol. Beoba(.ht, lYl4,  p. 171 ff. 
Om nattfrosterna, etc.. lH74. p. X 4  cmd La temp6raturr et 

Nova Akta R. S. S. Upalien- l'humiditi: de l'air h clifierentes hauteurs. 
sis. 

sigt af K. Sv. Vet. Akad. Fiirhandl. 1875, No. 1. 

1879, Vol. S ,  No. 4. 
4 Rubenson. Om temperatur-och fuktili~tsfurli8llandrna, etc. Gfver- 

6-7, had he secnred trustworthy synchronous temperatures. 
Then it woulcl have appeared whether the cooling of the air, 
i. e., the conduction of heat, goes on faster than the diffusion 
of the water vapor. This question must therefore be answered 
in another way. 

If we assume that a t  the height of one centimeter above the 
earth's surface, the air is saturated a t  t: while a t  the earth'ssur- 
face tlem making begins a t  f,", then in the course of time vapor 
will cliff w e  froin above clo~vnwarcl, while simultaneously the 
higher temperature approaches the lower through conduction. 
For  the sake of nimplicity, let lis assuine that during the whole 
tin10 the temperature of the earth's surface remains a t  t,". 
Thus it becomes warmed neither by condensation nor through 
the importation of heat from above, ani1 i s  not  cooled through 
radiation, which is the inore admissible as the different in- 
fluences will more or less oEset each other. The upper layer 
will thus finally acquire the temperature t t  of the lower. Con- 
densation will L ~ O N  begin in the upper layer if the vapor ten- 
sion is a t  least equal to the ~ a p o r  tension a t  t:, or if less than 
the difference of water content R hich can esist in the air a t  f,O, 
and f,O is diffused in tlie same time that is needed for the dif- 
ference of heat f,' - t," to  pass by conduction through one 
centimeter. 

The 
sxue result is more conveniently reached if we calculate, on 
the one liantl, the time required for the difference of mater 
content of saturatedair a t  t," and t: to diffuse through one cen- 
timeter, and, on the other hancl, the time necessary to trans- 
mit a temperature difference of 1' one centimeter in the air. 

It follqows, then, that, if the conduction of heat proceeds 
more rapidly than the diffusion of the water vapor fog forma- 
tion can take place. I n  the opposite case, this is impossible. 

The quantity, S, of a gas which in time 2 passes by diffu- 
sion through a cross section, q, of a tube I centimeters long, 
nlien the density of tlie gas is do a t  one end of the tube ancl 
d,  a t  the other end, is, as is well known, espressed by the 
formula 

A calculation of this kind, however, is not easily made. 

or, when d, - '1, = (1, 

where X. is tlie coefficient of diffusion, i. e., the aniount of gas 
which is transmitted through cross section 1 when all the 
other quantities on the right-hand side of the equation = 1. 

F o r  tlie present case we assume 9 = 1, and according to the 
foregoing assuwption 1 = 1; then it follows that  

.C' 
I .  2--. ' - ktl 

,S is tlie quantity of water vapor diffusing in one cubic centi 
meter of air.6 This amounts, a t  a vapor pressure' of e,, to  

6 S ib here the quantity of water vapor whose time of diffusion through 
one centinieter of air is to be calculatrd. 8, and So are the total amounts 
of water valior in one cuhic centimeter of saturated air at temperatures 
t ,  and to, respevtively.-F. 0. 8. 

7 Hann. Lehrbuch der Meteorologie, p. 219. bHom6n. A. a. O., pp. 174-175. 
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e 
At vapor pressure eo, So = 1.060 10". 

Whence, AS'= SI - So = 1.060 ~ - 
The density d, is the weight of a cubic centimeter of water 
vapor a t  tension e, and temperature t,, thus 

1 + at, 

(1 :at ,  1 + at, 

104 ; e 10F = 1.060 -___ d, = .0623 x 1293 -~ '- 
1 + at1 760 (1 + at,) 

e 
do = 1.060 0 1 + ato' likewise, 

or d = '1, - 11, = 1.060 

It appears, RS was to be expected, that  d = AS'. Then will 
1 z= x- 3 

and the coeficient 'of diffusion, according to TVinklemann, is 
about 0.20; so me find that  

I 
Z= -- - 5 seconds. 0.20 - 

Thus the time which the vapor of saturated air needs to reach 
the layer of air of lower temper:tture one centimeter distant is 
five seconds, regardless of the temperature. 

The calculation of the time that  is needed for the conclnc- 
tion of 1' [the temperature scale throughout is centigracle] 
of temperature along a track of one centimeter is simpler. 
The thermometric conductivity of air, that  is to say the amount 
of heat which in one second traverses a cube with one centi- 
meter sides, if we take as the unit of heat the quantity of 
heat necessary to raise the temperature of this Hubstance 

lo, is equal to .173;' therefore Z=-- seconds needed to 

allow the whole heat unit to pass through the cube or to 
conduct 1' from one surface to the opposite one. Therefore 

Z= 5.78 sec. 
For  any other temperature gradient the time of contluction 

1 
0.173 

will be  inversely proportional to  the gradient; hence 
5.78 z= ~ sec. 

f ,  - t o  
By comparing both times it is seen that  the conduction of 

temperature is accomplished in the same time as the diffubion 
[of vapor] when - -  

5.78 . 5. 'is 
f l  - t o  

5 = --, 1. e., f ,  - to = -- - 1.16. 5.00 - 
Gradients of that  strength are not found, the strongest ob- 

served by Juhlins amounted to 2 O i a  three centimeters, thus O.G'in  
centimeter, i. e., temperature equalization would hare re(luirt.(l 
8.7 seconds; therefore much more than the time required for 
diffusion. We are therefore warranted in concluding that 
before the low temperature of the surface arrives a t  the upper 
stratum, assumed to be saturated a t  the outset, the upper layer 
has lost so much vapor that it is then reduced below the satu- 
ration point.'O 

The results for the two quantities would change in the same 
proportion i f  a thicker portion of air ancl thus a smaller gr:t- 
dient mere taken. The time which the temperature uses in- 
creases exactly as the distance; so, also, does the diff'usion 
period, as is seen by formula ( I )  in which Z appears in the 
numerator and 1 i n  the denominator. 

In the foregoing calculation no account is macle of the in- 

8Hann. 
Juhlin. Soc. a. de Sci- 

'OApparently the author does not take into account the cooling of the 

__________ 
Lehr1)uch der Meteorolgie, p. 10. 
Sur la temp. nocturne de l'air B cliff. haut.  

ences d'Upsal. 1889, und Met. Zeitschr. SSV, 1890, p. 73. 

upper stratum by radiation.-F. 0. S. 

flowing of vapor from above. This will modify the conclusion 
with regard to the time of diffusion. Whether this time can 
not be greater than the time of temperature conduction should 
not be passed over without further comment. It is seen by 
the calculation that the velocity of movement of water vapor 
in saturated air is only 0.2 centimeter = O.cJ02 meters per 
second, thus considerably smaller than any even feeble air 
movement, so that  the distribution of water vapor in the 
vicinity of the earth's surface is not determined by Dalton's 
Ian, bu t  by the kind and velocity of air movement. Therefore 
the objection that the inflow of vapor from above makes the 
diffusion period greater than the time of temperature condnc- 
tion becomes of little force. 

But if Dalton's law be assumed as achnissible near the surface 
of the earth, fog can exist purely through the agency of radia- 
tion only mheii the temperature gradient reaches enormous 
values." 

This last assertion is supported by the fact that it is never 
found that fog a t  first forms directly on the earth's surface 
and grows froin below upn-ard, niicl by t>he further circum- 
btance that in the example of double wiiiclows where the con- 
ditions are precisely similar to those in fog formation a t  the 
earth's surface (because the outer window is much cooled 
opposite the inner air), a clouding of the air is never observed, 
but a t  once a condensation of the V X ~ J O ~  on the outer window. 
Also in our rnxny ascents :it which great temperature inver- 
sions with frost and clew were found, and thus saturation 
occurring at the earth's surfnce, iieverthelerss fog has not been 
ob serve (1. 

The first beginning of fog formation has unfortunately been 
obserwd but once, though the ascents generally occurred in 
the early evening ancl morning hours; viz, when on October 
27,1901, fog was been rising here and there in places, to which 
other causes contributed that will be cliscussed later; on the 
contrary December 17, l ! N ) l ,  furnishes so typical n case that 
the conclnsivn may he geiieralized a t  once. While ahout 3 
p. iu., without clouds, haze was noticed on the horizon, about 
5:50 1). m. fog formed. not as i f  surface fog slowly extended 
itself upward, but as if the air up to greater heights, probably 
to over 50 meters, began to be tnrhid. The turbidity in- 
creased ancl toward the end of the ascent, with moderate fog, 
the characteristic billows (Wogen) of fog droplets could be 
plainly perceived. I had abundant opportunity also in the 
fall of 1902 to observe t>his kind of fog formation. 

The vertical distribution of temperature aiicl moisture a t  the 
ascent ancl descent, consequently before the beginning of fog 
foriuation and in the first stage of fog, have alreatly been 
described ancl shorn nothing surprising. [They were for the 
ascent: temperatiire inversion from the earth to  lCJ0 meters, 
then temperature decrease to 175 meters, theii a second in- 
crease to 250 meters, and thence u p w ~ ~ l  the final decrease. 
On the descent the heconcl inrersion hac1 disappeared, leaving 
a single inversion to 155 meters, ant1 above a fall slightly less 
than the adiabatic rate. During both ascent and descent the 
relative humidity was coilstant from the earth to 500 meters, 
and the absolute humidity increasecl slowly u1i t o  200 meters, 
and tlieii decreased]. 

Otherwise the suclden setting in of a [pronouncecl] wind 
iiiaiii~luin ttt 1UO meters which was theretofore feebly indicated 
a t  300 meters height, is very noteworthy. The other meteoro- 
logical elements from 3:30 to 6 3 0  p. ni. had changed hardly 
any (the teniperature a t  the earth had fallen from -4.6' to 
-4.9", and the humidity increased from 85 to 86 per cent, 
both with little fluctuation; the 1)arometer to be sure was fall- 
iiig rapidly, and dropped from 755.1 millimeters a t  3:16 p. m. 
to 7SY.S millimeters a t  6 %  11. m.), so i t  is emy to connect the 

1lV'e can liarilly consider thih as proven, since the author has just 
rrfiised to take into account the influence of iiifloiviug raI)ur from above, 
on the ground that Dalton's law is not aclmissilJle.-F. 0. S. 
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change of wind velocity with the formation of fog. Yet it 
seems difficult to determine whether the increased wind move- 
ment was the result or the cause of the fog formation. An 
attempt to explain the large increase of wind velocity [from 
four to  nearly eight meters per second] by the vertical tem- 
perature distribution has already been made; though in that 

could not he given, but  that  the cause of the gradients which 
procluced the mind is doubtful. 

The following considerations lead to the hypothesis that the 
increased air movement is a consequence of fog formation. 

If i t  be assumed that before fog formation the air was satu- 
rated with vapor, then the pressure will be composed of the 
pressure of dry air and that  of the vapor. If a portion of the 
vapor be condensed, then tlie vapor pressure a t  that  place will 
become smaller; consequently also the whole pressure of air, 
without its being necessary for the barometer a t  the earth's 
surface to fall, for the weight of the whole air column has not 
been diminished. Thus a t  the place where the condensation 
occurs there must be a vertical gradient in the pressure whicli 
becomes a very light horizontal one if a t  some distance there 
is little or  no condensation of vapor. This could therefore 
lead to  a local wind that  would be a result of fog. 

Though it points to  the contrary that  the wind had increased 
up to 650 meters, though iiot so much as below-the increase 
[above] amounted to five-tenths to one meter per second-and 
further that  on the next morning a very brisk wiud prevailed 
which from 380 meters up  to the greatest height attained grew 
to nearly six meters per second. In certain sclualls, however, 
and overhead i t  was stronger, so that a further letting out of the 
balloon appeared impracticable. We therefore shall have to 
do, not with a local wind which was caused 1)y fog. but  with 
a temporary increase of air inoveuieiit which reached up to 
great heights, and, therefore, on the evening of the 17th 
could not be preceirecl in the upper strata. because a t  the 
time the balloon was there the air nioveiueiit had not appeared, 
but later 2nd soniewhat tiuclclenly arose, brought about 117 the 
proximity of a low which macle itself noticeable by the fall of 
the barometer. There reiuains, therefore, only the last potisi- 
bility; that  the wind. as soon as i t  attained R decided strength, 
caused the formation of the fog. This conclusion, standing 
directly contrary to the view generally prevailing hitherto, 
according to which fog formation is promoted by caliiis and 
dissipated by strong winds, shall be further supported by some 
observations. 

On the 4th of November, 1901, in the morning, only very 
thin fog prevailed a t  the ascent, so that  the balloon mas still 
visible a t  770 meters length of cable. Toward the end of the 
flight the fog thickened so that the balloon was first seen 
again a t  a distance of 100 meters. From the ascent to the de- 
scent a pronounced increase of the wind uf nearly two meters 
per second was registered. Unfortuuately me have no o1,ser- 
vations of the previous evening, bu t  the ascent of the iiiorn- 
ing  of November 3 showed very small wind velocity up to 100 
meters (all  the time under one uieter per seconcl), and it shonl~l  
be concluded that during the course of the night of the 3cl 
and 4th, perhaps also in the early morning hours, it hac1 so 
increased that i t  caused a condensation of the vapor. 

If, nom, proof is already furnished that strong vertical clif- 
ferences of wind velocity always prevail near the earth's sur- 
face when fog forms, i t  can also be shown that in cases where 
all the other conditions combine to favor fog making cinly 
trifling fog occurs, simply in default of suficient diflerences 
of wind strength. 

A t  two high 
kite-balloon ascensions on November 1, one of which reached 
2300 meters, the existence of an under, moist, cold, but feebly- 
moving current could be observed, which reached 111) to about 
800 meters. Above lay what we have heretofore considered 

place it was expressly stated that a satisfactory esplan a t' Ion 

November 2, 1901, affords R typical example. 

as characteristic of fog-making conditions; a warm and dry 
stratum with relatively small temperature decrease and some- 
what brisker movement. Toward sunset the temperature had 
fallen to 1.2' a t  two meters height, and n t  the earth's surface to 
0.2', so that  the temperature increase up to 95 meters, where 
6.8' WRS registered, amounted to  6.6'. The relative humidity 
was constant a t  about 80 per cent up to this height. The 
conditions thus seemed favorable for fog formation, only i t  
was nearly calm a t  the earth's surface; but between 130-400 
meters the m i d  relocity amounted to three meters per second. 
On the nest iiiorniug, with the exception of surface fog on the 
wet meaclows in the neighborhood of the observatory, no fog 
was present, though the air up to  about 75 meters was satu- 
rated. It nom appeared that  in the course of the night the 
wind velocity had further decreased, though from 30 meters 
up to 7 3  meters an increase from nine-tenths to  two and 
seven-tenths ineters per second was regihtered; bu t  the wind 
decreased rapidly above, and a t  875 meterp was only one and 
two-tenths meters per second. I n  spite of the very strong 
temperature increase from -3.7' at two meters to  +4.9' a t  
125 meters, i. e., o f  8.6' in only 133 meters, and in spite 
of the high relative huniiclity, no fog formed. The com- 
ing clouds in the early morning could not be obstructive to 
tlie formation of fog, for, according to the view now prevail- 
ing, the air a t  the earth's surface woulcl cool SO much through 
couductiou and radiation that the clewpoint would be reached. 
These were in no wise inipeilecl. Hence follow on the one 
hand the inadequacy of the kind of explanation hitherto ad- 
mnced, and on the other the rltlidity of the thesis herein 
advanced; that  in fog formation the wind is a very active, yea, 
determining factor. As a further, if not SO convinciug, es- 
nmple. the 2'7th of October, 1901, could be cited. With 
especially favor:tble conclitiona only very thin fog formed, in 
consequence of a deficiency of wiud. 

In  what, nianner the wind influences the vertical tempera- 
ture distribution in the neigliborlioocl of the earth's surface 
can be learued by a comparison of the condition curves of 
November 1 and 2, 1901, with those that  were obtained in 
stronger winds. 

While the influences of the cooling a t  the earth's surface on 
the evening of November 1 a t  one and a quarter hours after 
sunset extended up to about 100 meters, and on the nest, 
morning reached only 170 meters, we find that on the day 
before, with a brisk wind, which a t  100 meters amounted to  six 
meters per second, the cooling of the earth's surface was 
already perceptible a t  sunset up  to 1-10 meters, with the con- 
dition of nearly a zero vertical-temperature gradient, which 
two and a quarter hours after sunset becomes an increase with 
height. There is seen by comparison of both contlition curves'8 
tlie essential difference of the m:trch of temperature with 
little mid with much wind. I n  the first case the inversion 
sets in a t  once a t  the earth's surface and attains a large value, 
but  extends to a small height; in the second. on the contrary, 
the cooling is found in proportionately shorter time extended 
to  a greater height, though not SO strong. On October 30, 
with a wind of about ten meters per second a t  about 100 meters 
height at  one hour after sunset, the cooling already extended 
to 184 meters. where the normal conditions became estab- 
lished. On October 28. finally, the highest temperature was 
reached some two hours after sunset a t  150 meters, whereas the 
wind velocity a t  this height ainounted to about seven meters 
per second. 

This rapid cooling of the upper strata when there is wind can 
be explained only by the raising of the cooled air a t  the earth's 
surface. We have seen, in a former section, that  billows form 
at the upper surface of fog, and indeed in the lower, denser 

The Agiires which accompany the original t a t  slinwing temperature, 
moisture, an11 wind relocity (wrws regiqtered by the  lJdboI3 and kite 
met eorographs are omit tecl. 
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medium as well as in the upper, thinner medium. Thereby 
the small particles of air derive not only vertical bu t  hori- 
zontal motion. The same thing will happen whenever the 
wind pushes away the strongly cooled, lowest strata lying on 
the earth’s surface, which have been hindered in their move- 
ment by friction. The cold air is lifted by sufficiently strong 
winds, and also assumes lateral movements and a kind of 
surging, which are favored by the unevenness and covering of 
the land, such as trees, houses, etc., and mixes itself with the 
warmer air and cools it. Only in this manner is it possible 
that the cooled air of the earth’s surface arrives S O  quickly 
aloft. But when this air, which in general is near the satura- 
tion point, if not wholly saturated, comes in contact with the 
upper, warmer air-lagers, and these also are relatively moist, 
then, as von Bezolcl has shown, there can be light condensa- 
tion, which makes itself perceptible a t  first as a turbidity of 
tlie air, later as fog. The height to which moderate wind 
bears the air from the earth’s siirfttce appears, according to the 
tolerably harmonious observations of October 38, 30, and 31, 
1901, to lie between 150 and 300 meters, ancl up to  this height 
only would the first turbidity be able to reach. The diffusion 
of mater vapor out of the npper into the lower strata can not 
go on S O  rapidly as the cold air is blown upward, although 
perhaps before the beginning of fog forination, in case clew 
forms, the layers nest  the earth dry out a good ileal. Tlie 
resulting mixture, however, does not depend upon the abso- 
lute water content of this layer, for if both air masses that are 
mixed together are near enough the d u r a t i o n  point, conden- 
sation occurs every time. Ho~iiCn’~ has directly tested that 
kind of mixture of the dry air of the under layer with moister 
air from above, by measurements with the hygrometer. He  
found, for example, that  ai, a height of about one ani1 three- 
tenths meters the dew-point rose from G o  to 9’ after a puff of 
wind. Here belong also the sudden increases of temperature 
in night radiations, which are readily seen by the thermograph, 
but wliose explanation is clificult without the accompanying 
wind record. This kind of temperature increase is found at  
the surface of the earth with an accompanying rise of wind 
velocity, and the warming is due to the mixture of warm air 
coming from above with the cold air lying on the earth’s sur- 
face. [To illustrate this, two tables of olmervations follow in 
the original, in which mnximum temperatures are seen to coin- 
cide with increase of wind velocity.] 

The first suggestion of the above-described explanation of 
fog was made by IC6ppeii14, if we have rightly understood his 
somewhat brief exposition. BersonI5 appears to have had a 
similar thought in mind, when, in the discussion of  the before- 
mentioned balloon ascension of November 10,1X!G, he traced 
the origin of the fog to  the flowing away of the relatively 
warm ancl moist air over the earth’s surface cooled by ratch- 
tion; whereby he hints a t  the entirely characteristic feature 
of fog, as well as of billow formation a t  its upper limit nliich 
is easily recognized on an accompanying photograph, am1 of 
the causal relation therewith of sudden wind changes. 

The following of the further stage of fog formation, after 
we have learned the origin, is not clificult. We saw earlier 
that  from increase of temperature upward. in the further 
progress, zero gradients (Isotliermie), and then decrease of 
temperature upward, develop. Eqiial temperature up to a 
certain height follows further mixing of the upper ant1 lower 
layers, though i t  is necessary to  that  outcome that the cooling 
of the earth’s surface go on more slowly than the air of the 
lower layers can be brought upward and come close under the 
corresponding warm air. This retarded temperature fall a t  
the earth’s surface follows from climinisheil radiation, which, 
as soon as a clouding of the air occurs, can no longer proceed 

13Homen. A .  a. 0. S., 173. 
I+ Kijppen. Die Bildung von Boclennebeln, Met. Zeitsclir. 1885. P. 30. 
15Wiss. Luftf. 11. P. 202. 
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a t  the same rate as with clear sky. If ,  on the other hand, fur- 
ther radiation is entirely stopped by the coming in of a cover- 
ing veil, os after sunrise when it would be compensated by the 
influence of the sun, then with stronger fog formation the 
temperature must rise a t  the earth’s surface. The ascent of 
the morning of April 11, 1901, shows in fact such a tempera- 
ture rise, though i t  is difficult to discover how far this is to 
be ascribed to the undercoming warm air or to the radiation 
of the sun; a t  any rate the first-named influence is not excluded. 

When the fog reaches such a thickness that i t  becomes a 
great hindrance to the radiation of dark heat from the earth, 
its upper surface will take up the r6le of the earth, and further 
cool itself through radiation to the clear sky. Then appear 
the condition curves. which in a former part of this essay are 
characterized by the phrase, ‘‘ conipleted fog below, but  devel- 
oping further above.” 

Their distinctive features, to  recapitulate them briefly, are: 
temperature decrease upward, slowly beconling a zero gra- 
dient ani1 finally an increase upward; in the lowest part, va- 
por-air ratio (~~ischungsverhi l tnis)  l6 decreasing upward, which 
a t  the upper limit of the fog generally increases, with a coin- 
cident clir~iinishing relative humiclity and a slow increase of 
wind velocity in tlie upper fog strata. The upward tenipera- 
ture Jecrease in t,he lower portion, as heretofore indicated, is 
clue to the fact that  the upper fog lagers are cooled faster 
than the earth’s surface, wliose radiation is impeded. If the 
gradient exceeds 1’ per 100 meters lively vertical movement 
will hegin in tlie fog, which will bring c low~~  the cold of 
the upper layers, and cause a further cooling of the air a t  the 
earth’s surface, which will now 1)rogress in like manner as the 
temperature reduction of the upper limit, ancl, therefore, is 
only an indirect result of radiation. The fog droplets will be 
evaporated by descent from the higher layers and will raise 
the vapor pressure a t  the earth’s surface, while in sonipensa- 
tion the saturated air from the ground, rising above, will soon 
precipitate the water and lower the absolute humidity. There- 
fore, it follows that the density of the fog increases npward, 
and reaches its masimum a t  the up1)er limit; whence i t  pro- 
vides an easy explanation of the notewortliy fact that the bal- 
loon, a t  first occasionally and then fully clisappertrs in a fog 
when its height inust have alreacly passed t,hat of the fog.” 

For esainple. the balloon on November 4, 1301, was yet vis- 
ihle a t  100 meters. 

The distribution of temperature and moisture at  that point 
n~oulcl permit hardly 100 meters for the thickness of the fog 
layer. 

Afniospheric roiulitioiis on Noumlwr 4 ,  1901. 

On December 30,1901, the balloon disappeared between 150 
and 200 meters, while the mininium temperature lay a t  171  
nieters. Also the wetting of the cable by water droplets first 
occurs in .the higher lagers. The lower portion was always 
clry when we had thick fog a t  the earth’s surface. Thus, for 

In the original tables ant1 test, absolute humitlity values are given 
a+ tlie nmoiint, z, of ralinr fvuntl in cnnibination with one kilogram of 

r )  kilogram of moist air. Vou Bezold applied the 
rliiiltnih ” to siii*h quantitir.;. The literal English 
ng ratio ’’ seri1ie.d to 11r nut TU suyge5tive ab L L  va- 

llor-air ratio.”- Tmmlator. 
17 A maximum density a t  the upper s~uface  of the ft*g would not alone 

semi to explain the transient disappearance of the Lmllvon before the 
final tli+appe:trauce. P e r h a p  the aiithiir intrncls that the reailer shall 
a+oc%te \+it11 this cauqr the mare iuvveiilent a t  the upper surface of 
tlir fog. or tlie varying density of the fog in a horizontal direction.- 
Trtmnalntor. 
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example, on October 28, 1901, when 550 meters of cable were 
in the air, only the uppermost 200 meters were wet, and on 
November 4, out of 950 meters, only 600 meters. The zero 
vertical temperature gradient (Isothermie) in the upper part 
of the fog is the result of mixing with the part a t  the earth's 
surface when the fog has already reached a certain density. 
But if the temperature underneath the overlying strata falls, 
they will also cool more and more during the course of the 
night, and, indeed, not alone by conduction and radiation, but 
essentially by the mixing of air masses of different tempera- 
tures if different wind velocities bring it about, as the larger 
vapor-air ratio over the fog proves. The cooling thereby 
resulting will then also extend clown from the upper height, 
and will proceed relatively fast. The evening ascent of De- 
cember 20, 1901, fu rn iaes  an interesting illustration thereof, 
a t  which, while the balloon %.as a t  the same height, within a 
short time substantial temperature decrease over the fog was 
observed. * * * * * * I: 

The thermograph curve lets this fall be seen very plainly. 
Whether, up to the 21st, the fog limit had risen can not be 
stated with certainty; but, on the other hand, a further fall of 
temperature over the fog up to tlw upper current is proved 
beyond doubt. In one case only is an increase of thickness of 
the fog layer during the night indicated with certainty, viz, 
from the 27th to the 2Sth of October, 1901, when the upper 
limit rose from 175 meters to about 350 meters. 

This slow growth can not surprise one, for it has already 
been emphasized that the fog owes its birth to the air billows 
a t  the earth's surface which have been produced by wind 
differences, and likewise proceed up to the greater heights 
tolerably quickly. Naturally because of small wind " gracli- 
ents " (if I may so express it, in analogy to temperature gracli- 
ents) a t  the higher elevations, in contrast to the strong ones 
a t  the earth's surface, sinall billows only will occur a t  the 
upper fog surface. As already shown in a preceding chapter 
this appears not to exceed 70 meters height. and therefore 
energetic condensation thenceforth mill hardly be able to pro- 
ceed. I n  general the result of radiation during the night will 
manifest itself in an increasing density of the fog, and only a 
small increase of height. 

This further formation of fog will probably go on a t  the top. 
of the billows. On the one hand the temperature of the fog 
is there the lowest, and, a t  the same relative huinidity, con- 
densation through mixture proceeds first a t  the greatest tem- 
perature differences; on the other hand this mixing will be 
favored by the form of the wave crests. For we must picture 
to ourselves that a shooting over (Uberschlagen) of these crests 
occurs not only very frequently, but indeed constantly, because 
the density of the lower media shows very little difference 
from those flowing over them. The overshooting and the 
accompanying drifting out of the cold air into the warm has 
often been observed in balloon ascensions, namely, in the fog 
banners produced by the billow crests, which are borne along 
by the wind and are later evaporated. If now in this iuanner 
the upper layer attains a certain degree of moisture, then, 
with further temperature fall condensation will set in, and the 
upper surface of the fog be raised. It is obvious, however, 
that  this can go on but slowly, for a portion of the fog is 
always evapora tecl again. 

A limit is set to further fog formation, if all other conditions 
favor progress, as soon as the fog fills the whole lower layer, 
and its upper surface reaches the higher-lying, warm, and 
most important of all, dry air current. On the 21st of De- 
cember, 1901, this appeared to be nearly the case; the slight 
inversion which showed itself above the cloud would soon 
vanish by further cooling. Whether this masimuin of fog 
height was really reached can not be said, for by reason of the 
breaking away of the kite balloons o L December 21, the obser- 

vations unfortunately were interrupted for a time. Such a 
growth will be favored by a long night in which radiation can 
go on uninterruptedly. Probably, therefore, in higher latitudes, 
especially in the polar regions, fog will have a considerably 
greater thickness than with us. * * * * * * * 

The appearance of fog on October 27, 1901, offers an essen- 
tially different form. While generally fog appears in a place 
and grows gradually, this one in the rapidly coming darkness 
on the 37th of October, arose out of the west already complete 
in the form of a cloud bank, and on its arrival had already at- 
tained considerable density, which was especially curious, and 
for that reason mas noted. The condensation was so energetic 
that the water ran clown the cable in streanis, and the range 
of sight at the earth was hardly 50 meters. The conclition- 
curve of temperature has the typical form for fog a t  the be- 
ginning of its clevelopment, viz, a quick temperature fall close 
over the earth, but decreasing slowly farther up. The 
humidity curve shows saturat#ion up to the fog limit, which 
lag a t  about 170 meters, and also a high value above, near 80 
per cent. The air movement is brisk in the fog; over it, 
feeble. A cvntinuous succession in height of the meteorological 
elements gives the full explanation of the sudden appearance 
of this fog, as the figs. 34-37 show. [Figures are omitted.] 
They disclose, up to the afternoon of the 27th, a relatively 
mariner, drier, and feebly-moving air current flowing over the 
observatory; towarcl 5 o'clock, there suddenly entered a cool- 
ing up  to a t  least 700 meters, but  probably still higher. 
Simultaneously, the relative humidity rose (the vapor-air 
ratio had been increasing continuously since morning), and 
the wind freshened. We have here to do with a complete 
weather change in the whole explored layer, for the nearly 
parallel course of the curves of huniidity, vapor-air ratio, and 
wind velocity indicate the breaking in of a streaiu of entirely 
clifierent, composition. 

The weather change which is identified with the cold, moist, 
and thereby actively-moved air current macle itself percept- 
ible near the earth's surface in the night of October 26-27. 
While, therefore, the air at the earth's surface was relatively 
dry, on the evening of the 26th the relative humidity came up 
to over 90 per cent, and the line of equal relative humidity 
rose graclually in the course of the night. Above, i t  was dry 
up to midclay of the 37th. The march of teniperature showed 
on the morning of the 2Sth, between 200 ancl400 meters, a dis- 
turbance in the form of an isothermal layer which could be 
traced not alone to a cooling of the earth's surface during the 
night, and which still esisted in the evening in the same man- 
ner. The constancy of the temperature a t  200 and 500 meters 
is surprising. At 500 meters it was practically the same at 
miclclay and evening. At about 200 meters it had fallen only 
about 0.1O. At greater heights a gradual fall showed itself. 
In the clry layer, which was not only relatively but absolutely 
dry, as results from the mixing ratios, nearly complete calm 
prevailed; thereunder was feeble niovement of a little more 
than two meters per second. The slow advance of the lower 
air current is noticeable in the gradually rising lines of equal 
relative humidity and +vincl velocity; and it needed only a 
slight fall of temperature to bring about condensation of the 
water vapor, for at 4 p. m. the dew-point a t  about 100 meters 
was only G.Ci0, while the air temperature was So. About 5 
p. in. the cold current approached with a wind velocity of 5 to 6 
meters per second iu full strength, and caused sudden fog 
formation, which moved on with the wind from west toward 
east. T ~ L W  the fog arrived a t  Lanclsburg, which lies about 
120 kilometers alinost clue east from Berlin, about 11 p. m., i. e., 
it extended itself with a velocity of about five and one-half 
meters per second, which the registered wind velocity fully 
shows. 

Especially noticeable here is the wedge-shaped figure of the 
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cold stream, which H. Helm Clayton has already mentioned, 
and which has since been often observed a t  the observatory. 

The whole phenomenon had much resemblance, as well in 
its approach as also in the distribution of temperature and 
moisture, to the earlier mentioned inflowing fog stream from 
the Pacific Ocean through the Golden Gate, which has been 
several times observed and described by McAdie.’8 * * * * * * * 

The formation of fog on November 4, 1901, is a pure exam- 
ple of mixture as von Bezold has studied it. The entirely 
irregular march of temperature in the morning [cold below, 
warmer above all the forenoon] permits the conclusion that 
here two air currents of different temperatures flow one under 
the other, and this produces a noteworthy distribution of 
temperature. I f  this occurs in sufficient proximity to the 
condition of saturation, then condensation occurs. The fog 
formation began in the morning and, in spite of increased in- 
solation, continued until evening, when the fog reached the 
imposing height of 340 meters. The irregular temperature 
march had now given way to a regular one, and overhead the 
condition curves showed no surprising differences from the 
others which in the fog had become those unusually giving 
rise to fog. The warm and absolutely moist, but relatively dry 
air column with tolerably active movement [over seven meters 
per second] flowed this time over the one with less vapor, and 
on midday of the 4th, as can be seen by the curves of wind 
velocity and relative humidity, made a n  energetic push down- 
ward whereby, through mixing with the underflowing current, 
condensation ensued. Thereby the vapor-air ratio naturally 
decreased, and thus there resulted in the fog a relatively 
smaller water content. * * * * * * * 

It may be said by way of recapitulation that most of the 
fog over the north German lowlands results from the flowing 
away of a moist air current over the earth’s surface, which has 
been cooled by radiation, in such a manner that the lower cold 
air layers are tossed up (geschleudgrt) by the accompanying 
formation of billows, which occurs in winds near the earth, 
and which, by the mixture of the upper and lower layers, pre- 
cipitates the fluid water. More rarely fog proceeds from the 
mixture of two moist currents of different temperature. 

THREH NOTABLE METEOROLOGIUAL EXHIBITS AT THE 
WORLDS FAIR. 

By JAMES E. SPENCER, Observer, United States Weather Bureau. 

THE UNITED STATES WEATHER BUREAU. 

The United States Weather Bureau exhibit occupies about 
1000 square feet of floor space in the west end of the Govern- 
ment Building. Fronting, as it does, upon the main aisle, the 
exhibit is one of the most conspicuous in the building. 

Ten instruments are operated by storage batteries, and 
several of them are connected to two or more registers. The 
outside temperature is recorded indoors by a telethermograph; 
the rainfall by a pluviograph; and the rainfall, sunshine, and 
wind velocity and direction by a station meteorograph. In 
order to show the method of operation, duplicates of these 
three registers are also connected electrically on short cir- 
cuit with instruments within the exhibit space. Among the 
other instruments displayed are a set of self-recording ther- 
mometers, sling and whirling psychrometers, river gages, 
thermograph, barograph, single and double magnet registers, 
photographic and thermometric sunshine recorders, electric 
pyrheliometer, seismograph, mercurial and aneroid barome- 
ters, and a kite meteorograph, anemometer, and nephoscope. 
These instruments have already been fully described in various 
Weather Bureau publications. 

18 McAdie. Fog Studies on .Mount Tamalpais, Monthly Weather Re- 
view, 1900, Nos. 7 and 11 ; 1901, No. 2, and Proceedings of the Second 
Convention of Weather Bureau Offlcials, 1903, p. 31. 

A full-size Weather Bureau kite, with instruments in posi- 
tion, is suspended from the ceiling and connected with a reel 
in the usual manner. 

Forecast cards are printed daily on a Harris automatic 
press, which has a capacity of about 15,000 per hour. These 
cards, and also a typical weather map and other printed 
matter, are distributed to visitors. 

A large relief map of the United States gives the distribu- 
tion of annual precipitation throughout the country. Two 
sets of swinging frames each contain eighteen charts or pho- 
tographs, showing the climatology of the United States, cloud 
forms, floods, instruments, and other instructive matter. 

A model storm-warning tower is displayed, with lanterns 
and a special hoisting attachment in position. The full-size 
oil-burning and electric lanterns are also exhibited. 

The feature that  perhaps attracts the most attention is the 
glass weather map. The reports are telephoned from the 
downtown office as fast as received by telegraph, and by 10 
o’clock each morning the state of weather, current tempera- 
ture, direction of wind, and rainfall from 122 stations are 
charted in different colors; the isobars are drawn in white. 
The weather conditions in all sections of the country are thus 
strikingly shown. 

THE GERMAN EXHIBIT. 

The German meteorological exhibit may be found in room 
D, German section, of the Educational Building. A large 
amount of self-recording apparatus is displayed, but perhaps 
the exhibits of greatest interest are the kites, rubber balloons, 

FIG. 1.-Rubber balloons. 
kite balloons, and their accessories. The central figure in the 
accompanying photograph is the kite balloon, by the use of 


